The structures of sugar chains from the water-soluble glycoproteins in developing castor beans have been identified. The structural analyses were done by a fluorescence method combined with exoglycosidase digestions and^-NMRspectroscopy. The identified structures fell into two categories; one was an oligomannose-type, the other xylomannose-typeor xylose-containing type. Among these oligosaccharides, Man3Fuc1Xyl1GlcNAc2 (M3FX; 38%) and Man6GlcNAc2 (M6B; 22%) were the major structures. The higher mannose-content oligosaccharides (Man8_ 7GlcNAc2)were only 4.1%, and the further-modified structures (GNM3FX, M2FX) than M3FX were 22% of the total.
Recently, studies on structures and biosynthetic mechanisms of sugar chains linked to plant glycoproteins have been developed, since these oligosaccharide moieties were found to have a unique feature, with xylosyl /?l->2 and fucosylod->3 linkages to the common pentasaccharide core structure. The biosynthetic ability to form both xylosyl /?l->2 and fucosyl al->3 linkages seems to be limited to 3259 plants, so far.1 8) The sugar chain of Helix pomatia a-haemocyanin is only one example having a xylosyl /?l-->2 linkage, however a fucosyl residue is linked by the animal-type al-åº6 linkage.9) In our previous report,10) We Spectrofluorometer, using a Cosmosil 5C18-P column or a Finepak SIL NH2-5 column. On the Cosmosil 5C18-P column, the PA-sugar chains were separated by increasing the content of 1-butanol in 1.0m ammonium acetate buffer, pH 4.0, at a flow rate of 1.5 ml/min. In the case of size-fractionation HPLCusing the Finepak SIL NH2-5 column, the PA-sugar chain was eluted by increasing the water content in water-acetonitrile from 32% to 41% linearly at a flow rate of l.Oml/min.
Glycosidase digestions. All digestions
were done under the same conditions using 100-200 pmol of the PA-sugar chains as described previously.8) The reactions were stopped by boiling the mixtures for 2min and part of the digest was analyzed by size-fractionation HPLC.
Nuclear magnetic resonance spectroscopy.^-NMR measurements of PA-sugar chains at 500 MHzwere done on a Varian VXR-500 Instrument. Samples (70-100 nmol) were treated repeatedly with deuterium oxide (0.5ml) at room temperature, with intermediate lyophilization. Finally, the samples were dissolved in 99.96% D2O
(0.7 ml). Homogated decoupling was used to suppress the peak of HDO,an isotopic contamination in the solvent. Coding of sugar residues used in this paper is as follows;
Results
Purification of PA-sugar chains PA-Sugar chains obtained from the watersoluble glycoproteins were put on a Sephadex G-10 column (2.5 x45cm) to remove excess reagents (data not shown). The PA-sugar chains were further purified by HPLCusing a Cosmosil 5C18-P column (Fig.  1A) . Three PA-sugar chain peaks, Fractions I, II, and III, were obtained from the water-soluble glycoproteins of developing castor bean cotyledons. The first peak was due to contaminating products from the reagents and the partially degradation product of the sugar chain, in which the reducing terminal N-acetylglucosamine residue (Table  II) . The signal of H-l of Fuc was detected at 5.062ppm, which agreed with H-l ofFuc in M3FX (5.064ppm),8) H-l of Man-4, however, was not observed in the anomeric protons' region of Peak D (Fig. 2D) . Moreover, the signals of H-l of Xyl (4.454ppm), H-2 of Man-3 (4.264ppm), and H-2 of Man- 4' (3.992ppm) were observed and assigned, but no signal ofH-2 of Man-4 was observed in the H-2 protons' region. These results suggested that the structure of Peak D is a similar structure to M3FX,but Man-4 was lost in the case of Peak D. This proposed structure was the same with that of a sugar chain from pineapple stem bromelain. 1 7) Peak E was eluted at the position between M5 and M6 on size-fractionation HPLC ( Fig.  3-1 ), but there is no authentic PA-sugar chain having the same elution position with this PA-sugar chain on reversed-phase HPLC.
Digestion of Peak E by^-7V-acetylglucosaminidase (jack bean) caused a new peak to appear at the elution position of M3FX (Fig. 3-2) . When Peak E was digested with a-mannosidase, one mannoseresidue was released and a newpeak appeared at the elution position between M4 and M5 ( Fig. 3-3) . These results suggest that there are one a-mannoseresidue and one /?-7V-acetylglucosamine residue at the non-reducing terminal ends. The structure of Peak E was further analyzed by^-NMR spectroscopy. Comparing the chemical shifts of Peak A and Peak E, the downfleld shift of H-l of Man-4 (0.023ppm) was observed and those of H-l of Fuc agreed with each other (Fig. 2E) . This downfleld shift of a mannose residue indicates that a /?l->2 linkage Nacetylglucosamine residue is bonded to Man-4 of M3FX.And the similar downfleld shift of H-l of Man-4 (0.018 ppm), caused by bonding of a /?1^2 linkage TV-acetylglucosamine, was observed in the oligosaccharides of laccase from sycamore cells.1} From these results, the structure of Peak E was proposed to be GNM3FX as shown in Scheme 1.
Structures of Peaks B, C, F, G, H, andJ
The structures of these six PA-sugar chains could be identified by comparing their elution with those of authentic PA-sugar chains on reversed-phase and size-fractionation HPLC (Table I) . These structures were further confirmed by the exoglycosidase digestions. Since all of these sugar chains were converted to Ml by a-mannosidase (jack bean) digestions and then to GN2by succesive /?-mannosidase (Achatinafulica) digestions, these sugar chains were thought to be of the oligomannose-type. Typical examples (Peaks C and F) of these analyses are shown in Figs. 4 and 5. In the case of Peak C, which had the same elution position with that ofM8A instead ofM8B or M8Con a Cosmosil 5C18-P column, seven mannose residues were released by a-mannosidase and one mannoseresidue was released by succcessive /?-mannosidase digestion (Fig. 4) . These results indicated Peak C had seven a-mannose residues and one /?-mannose residue. Similar results were obtained in the case of Peak F, which had the same elution position with that ofM6B instead ofM6A or M6C on a Cosmosil 5C18-P column. Peak F was converted to a PA-sugar chain with the same mobility as authentic
Ml by a-mannosidase, with the release of five mannose residues. This product was then converted to a PA-sugar chain with the same mobility as authentic GN2 by successive /?-mannosidase digestion, with the release of one mannose residue (Fig. 5) . These results suggest that Peak F had five a-mannose residues and one^-mannose residue. The proposed structures of these six oligomannosetype sugar chains are shown in Scheme 1.
Discussion
In this report, we analyzed the structures of sugar chains from the water-soluble glycoproteins in the developing castor bean cotyledons to grasp the structures of intermediates of the sugar chain processing. and one of these sugar chains, Galj81 -*4(Fucal -+6)GlcNAcj?l ->2Manal -+6(Manal ->3)(XyljSl ->2)Manj84 ->4GlcNAc£l ->4(Fucal^3)GlcNAc, never would be formed through the established processing pathway for animal glycoproteins, since on the pathway Manal-^(Manal-åº 3)Manal ->6(GlcNAc£l -*2Manal^3)ManjSl^4G1cNAcj5 1 ->4GlcNAc should be formed first before the formation of TV-acetyllactosamine-type sugar chains.24* The processing pathway for animal glycoproteins requires that the first yV-acetylgrucosamine residue attached to the non-reducing end must be always transferred to Man-4, but not Man-4'.24)
These observations might give a proof that the N-linked oligosaccharide processing mechanism may work along that putative pathway10)
in the paint cells.
